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ABSTRACT 


Wireless Infrared (IR) communication systems are being used extensively because 
of their portability and low cost. In this thesis an attempt has been made to study 
Diffused Indoor Optical Wireless Systems. A diffused indoor link has been designed 
using LED as the source and PIN photodetector as the detector. Some simple 
theoretical models have been suggested to predict the optical power at a given point 
along the axis of the source. An experimental IR link was implemented using single 
LEDs and also using an array of LEDs. Sources were characterized and their frtr-field 
patterns were measured. These patterns were fitted to the suggested theoretical 
models. 

Variation of optical power along the axis of the sources were measured and , then 
compared with theory. The experimental indoor link had a data rate 200 kBits/sec and 
it achieved a range of 8cm using single LEDs and 20cm using multiple LEDs. 



CHAPTER 1 


INTRODUCTION 


1.1 INTRODUCTION 

With the spread of high performance portable computers and the need of network 
computers, data terminals and devices such as personal digital assistants (PDAs), wireless 
LANs have become an emerging technology for today’s computers and communication 
industries. The advantages of wireless networks over wired network are their flexibility 
and lower cost. Due to physical limitations like ambient light interference, eye safety, 
transit time of LED and limited available bandwidth, optical wireless LANs are currently 
targeted to operate at data rates between 1 -20 M b/s. 

1.2 IN DOOR OPTICAL WIRELESS SYSTEMS 

In the past few years, the growth of data communication has been enormous. Data 

communication has been established using wired physical connections. These physical 
connections introduce difficulties in construction and rewiring during the system set up 
and expansion phases. An alternative that achieves the same goal for data communication 
while offering mobility is the wireless network. Traditionally, radio frequency 
transmission was used in wireless applications. However, the RF spectrum is so 
congested that it is very difficult to accommodate new high bit rate applications. The 
optical system with low implementation complexity and no spectrum license 
requirements provide a possible solution. 

The use of an optical wireless network for indoor applications offers numerous 
advantages over the equivalent RF wireless network. The optical infrared energy can 
typically be contained within the room or communication environment easily, thus 
virtually eliminating the problems of interference generated by neighboring users while 
offering a degree of security at the physical level. The same transmitter equipment and 
optical wavelength can be reused in other parts of the building, thus offering spatial 
diversity. Moreover, optical wireless systems offer immunity from signal fading. As 



such, indoor infrared communication has recently received much attention, especially in 
view of the increased data and mobility requirements of users for both computing and 
communications. 

Indoor IR systems comes in the category of short distance systems. Indoor 
systems have the major advantage that the distances involved are much less than out door 
systems. There are primarily two types of indoor optical wireless systems, viz. Point —to 
- Point links and Optical Tele-point Systems. 

1.2.1 Point-to-Point links 

Indoor Point-to-point systems do not differ from the outdoor variety in their 
operating principles, however , in practice their designs are invariably very different. 
I-irst, they must be Class 1 eye safe, which generally means that the optical source is an 
LED. This in turn limits the capacity to typically a few mega bits per second. On the 
other hand. Indoor systems need none of the weather proofing that Outdoor systems 
require and only operate over short distances; and hence they can be produced very cost 
effectively. Here a capacity of 10 Mb/s can be conveyed over a span of around 20m, such 
systems could be used, for example, to extend a 1 0 Mb/s LAN port to a different part of 
an office where no convenient port exists, or to link two separate offices via a link 
corridor. 

Outdoor short distance systems, used perhaps to deliver high capacity links 
between neighboring buildings, enjoy the luxury, as do long distance systems, of utilizing 
a high power Class 3B emitter since these systems will be located away from people. A 
good power budget can therefore be achieved even with relatively simple components. 
This, combined with the low atmospheric loss, means that a higher free space loss can be 
tolerated in return for the convenience of a larger beam diameter at the receiver. Setting 
up and aligning these systems is then significantly easier than their long distance cousins, 
and fiirthermore, automatic alignment and tracking is not required. Consequently, overall 
complexity and cost is significantly reduced. The 1 Gbit/s result over 40m is particularly 
interesting as it shows the order of capacity that can be achieved with today's technology. 



1.2.2 Optical Tele-point System 

Indoor applieationsi being fundamentally confined to short distance spanSi are 
uniquely appropriate to optical wireless systems that utilize wide diverging beams rather 
than the narrow beams of point-to-point systems. Such systems are sometimes referred 
to as optical tele-point systems and afford a number of attractive features. Each cell 
created by an optical tele-point base station can be shared by as many users as can be 
accommodated with in the cell. The cell diameters arc 10m down to 0.5m. Each cell 
delivers a capacity of 10 Mb/s shared between users via conventional LAN protocols. 
The larger cells might be deployed in open offices, libraries, waiting rooms and hospital 
wards. 

Transmitter sources in Optical wireless system: 

There are two types of transmitter sources used in optical wireless systems, viz. 
light emitting diodes (LEDs) and laser diodes (LDs). 

The optical fiber systems industry has spawned semiconductor LASERs with 
broad bandwidths and high launch powers, features which are equally attractive to optical 
wireless systems , particularly for outdoor applications. However, for indoor applications 
LASERS pose a potential safety hazard because they are a point source emitter. LEDs, on 
the other hand, are large area emitters, and thus can be operated safely, even at relatively 
high powers. They are therefore the preferred emitter for most indoor applications. To 
compensate for the lower powers that LEDs generally emit, arrays of them can be used as 
the optical source. The penalty, however is bandwidth. Where as LASER speeds extend 
into the Gb/s regime, LEDs are typically limited to 10 Mb/s, perhaps extending to 50 
Mb/s for some specialist devices. 

1.3 PRESENT WORK 

The major aim of the present work has been to study diffused indoor IR links both 
theoretically and experimentally. As part of the present work a simple IR indoor link has 
been designed using LED sources and PIN photodiodes. Some simple theoretical models 
are suggested for prediction of optical power along the axis of the optical sources. An 
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experimental IR link was implemented and tested and its performanec measured. I hc 
measurements were eompared with theoretical work. 

1.4 THESIS LAYOUT 

Chapter 2 of the thesis gives a detailed review of the different types of indoor IR 
systems. IRDA standards as well as IEEE standards for radio and optical wireless 
systems are also reviewed. Chapter 3 gives the different design aspects of an indoor IR 
system. System considerations for the choice of source, detector and receiver front-ends 
are discussed. Some theoretical models are suggested to study the variation of optical 
power along the axis of the sources. Theoretical results are also plotted. Details of the 
experimental IR system implemented arc discussed in Chapter 4. It also gives details of 
source charactcrlyMlon. The measured power levels along the axis of dllTcrent sources 
are also given and then compared with theory. The major results of the study are 
discussed in Chapter 5 and some suggestions for future work in this area are also given: 

A detailed list of references used in this thesis work is given at the end. 
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CHAPTER 2 


REVIEW OF DIFFUSED INFRARED SYSTEMS 


A review of diffused infrared (IR) systems is given in this chapter. IrDA standards 
as well as IEEE standards for IR systems are also discussed. 

2.1 INTRODUCTION 

There are three different types of free space optical links, designated by their 
IniiismiUcr/ receiver types. 

1. Point-to-Point or LOS system 

2. Quasi- diffused systems 

3. Diffused systems. 

Point-to-Point or LOS System 

The point-to-point systems are implemented by using IrDA Standards in Indoor 
Optical Wireless systems. In this section, the more objective study is on diffused system, 
because it has lot of advantages. The primary advantage of using the diffusive approach 
is that there is no need for accurate alignment between transmitter and receiver. This is 
especially important in portable applications, in which readjusting a receiver antenna 
after every movement is not practical. The main drawback of the diffusive approach is 
the temporal dispersion caused by reflections from ceilings and walls, which effectively 
limits the rate of transmission. 

Quasi-diffused System 

Quasi-diffused means diffusive and directed, i.e the reflections from the ceiling are 
difhise and the transmitters & receivers are directed towards ceiling. The quasi-diffuse 
transmitter can be employed in conjunction with either a single-element or imaging 
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receiver. Such transmitters emit a collection of relatively narrow beams that illuminate a 
regular lattice of spots on the ceiling, the path loss can be reduced by quasi-dif!use or 

multi beam transmitter. 

The imaging receiver, when used with maximal ratio combining (MRC), can be 
considered a “spatial matched filter ” when the quasi-diffiise transmitter is used with an 
imaging receiver, a synergistic performance enhancement occurs. The desired signal is 
concentrated in a small region, and the spatial matched filter is able to concentrate its 
observation on that region, rejecting as much ambient light noise as possible. 

Quasi-diffiise transmitters are not much more complex to implement than single - 
beam transmitters, and provide more improvement in conjunction with imaging 
receivers. This is due to the fact that when used with imaging receivers, quasi -diffiise 
transmitters concentrate the signal in a small spot, thus allowing greater noise rejection. 

Path loss = transmitted power/ received power ( path loss > 1) 

Although the quasi-difiuse transmitters uses narrow beams, eye safety can always 
be ensured by making the beam diameter sufficiently large. Furthermore, the power 
required in each beam is relatively low (of the order of a few mw) and modest beam 
divergence is acceptable. 

Diffused Infrared System 

The diffused system is converse to line-oTsight path system, which is employed 
in indoor systems. In this group of systems the beams, as well as radiating over a wide 
angle, are also allowed to reflect off surfaces and objects in the vicinity such as walls, 
ceiling, floor, and furniture. In addition, the field of view of the view of the optical 
receivers in the base and user stations is widened to such an extent that the line of sight as 
well as reflected light can be detected with the same ease. Such an arrangement goes 
some way toward guaranteeing that a signal path is always present, regardless of 
obstacles or people impeding the line-of-sight path. This arrangement also allows 
roaming to some degree. However, the penalty of diffuse transmission is a much reduced 
capacity compared with LOS systems. This is entirely a consequence of the multiple 
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signal paths reaching the receiver, which cause classic pulse spreading and inter symbol 
inlcrferciice. 

The upper bound of data rate is about 25Mb/s in a room 10m on each side, although 
higher rates have been demonstrated under particular conditions. Interference from 
ambient light is a particular issue for diffuse systems because of the extremely wide field 
view of the receivers. 

2.2 THE IRDA STANDARD FOR VERY SHORT DISTANCE POINT- 

TO-POINT SYSTEMS 

An exciting development in recent years has been the arrival of very short 
distance 'point and shoot' optical wireless systems for laptop computers, PDA's, 
palmtops, printers, calculators and mobile phones. These wireless systems are commonly 
referred to as IrDA systems in recognition of the IrDA standard that they embody. The 
Infra-red Data Association (IrDA) was established in 1993 with the aim of producing an 
open standard for wireless data communication using mature, commercially available 
infra-red components. The resulting protocol provides a simple, low power, low cost, 
reliable means of wireless infra-red communications for a broad range of computing, 
communications, and consumer devices. The IrDA now has some 160 member 
companies aroimd the world, and IrDA systems are already resident on over 97% of new 
portable computers (this includes laptops, PDA's, palmtops, etc). 

The IrDA standard presently specifies the following parameters 

• data rates from 128kbit/s up to 4Mbit/s (raising this upper limit to several lO's of 
Mbit/s is being considered), 

• maximum operating range of 1 m (increasing this to 1 Om is being considered), 

• 30 degree cone from the transmitter that equates to a 50cm beam diameter at the 
receiver positioned Im away 

• very wide receiver field of view. 

All of these features ensure that a useful data rate is available over a wireless link that 
requires only the cradest of alignment. 
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2.3 OTHER STANDARDS USED IN DIFFUSED INFRARED 
SYSTEMS 

The main importance of standards is to provide wireless connectivity to automatic 
machinery, equipment or stations that require rapid deployment, which may be portable 
or hand held or which may be mounted on moving vehicles with in a local area. The other 
importance is to offer a standard for use by regulating bodies to standardize access to one 
or more frequency bands for the purpose of local communication. 

2.3.1 Different IEEE 802 Standards 

The IEEE has produced several standards for Local Area Networks. These 
standards, collectively known as IEEE 802, include CSMA/CD, CSMA/CA, Token bus, 
Token ring, etc. The various standards differ at the physical layer and Medium Access 
Control (MAC) sub-layer but are compatible at the data link layer. The IEEE- 802 
Hlandurds have baian adoptod by ANSI American National Standard, by NiSd* as 

government standards, and by ISO as international standards (known as ISO-8802). 

The various IEEE standards with applications are mentioned below, 

1. IEEE 802.1 standard gives an introduction to the set of standards and defines the 
Interface Primitives. 

2. IEEE 802.2 standard describes the upper part of the data link layer, which uses 
the LLC (Logical Link Control ) Protocol. 

3. 1EEE802.3 standard describes Ethernet LAN (CSMA/CD) as wire distribution 
system. 

4. IEEE 802.4 standard describes Token bus LAN . 

5. IEEE 802.5 standard describes Token ring LAN, Fiber Distribution Data 
Interface ( FDDI ), Metropolitan Area Network ( MAN ). 

6. IEEE 802.6 standard describes DQBS Access Method. 

7. IEEE 802.7 standard describes Broad band Local Area Networks. 

8. IEEE 802.9 standard describes Integrated Services. 

9. IEEE 802.10 standard describes LAN/MAN Security. 


4.J-- 
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10. ll'FJv 802.1 1 standard describes DilTu.sed IR & Rb’ Wirele.ss Local Area Network. 

ll.IliliE 802.12 standard describes Demand Priority Aecess Methods. 

12. IEEE 802.15 standard deseribes Wireless Personal Area Networks. 

IrDA standards dc.scribcs Indoor Point-to-Point Wireless I ,oeal Area Networks. 

Blue Tooth system; It is the title used Tor an open-specification system designed to 

provide a fast and secure short range radio interconnection between portable device 

Mid a LAId throttsh itM am of apread speetrum uifitig hdppitnKt 

2.3.2 Scope of effort of IEEE 802.11 Standard 

The scope of effort of IEEE 802.11 standard is to define physical layer wireless 
data networking and physical layer transmissions (PHY) by radio or Infrared and 
Medium Access Control ( MAC ) Protocol compatible with the existing standards for 
higher layers. The IEEE standard for wireless LAN started in 1988 as IEEE 802.4L as a 
part of the IEEE 802.4 Token bus wired LAN standard. 

In 1990, the IEEE 802.4L changed its name to IEEE 802.1 1 to form a standalone 
Wireless LAN standard in the IEEE 802 LAN standard Organization and several draft 
standards have been published for review. With long effort, the IEEE 802.11 group 
developed a framework to incorporate wireless specific issues such as power control, 
frequency management, roaming and PHY and MAC Protocol sub-layer in LAN 
standards. 

The IEEE 802. 1 1 draft standard describes mandatory support for 1 Mb/s Wireless 
LAN with optional support for a 2 Mb/s data transmission rate. At present there are two 
emerging wireless LAN standards in use, as mentioned below. 

1. European Telecommunication standards institute’s High Performance European 
Radio LAN ( HIPERLAN ), for data rates up to 23.529 Mb/s. 

2. The IEEE 802.1 1 standard for Wireless LAN. 

Both draft standards cover the PHY and MAC sub-layer of the open systems 
interconnection ( OSI ) seven layer reference model. 



2.4 COMPARISON BETWEEN RADIO AND OPTICAL DIFFUSED 
WIRELESS SYSTEMS 

Recent advances in the radio systems have narrowed the gap between them and 
indoor optical wireless systems to the point that, in some instances, the optimum choice is 
not obvious. The commercial indoor optical wireless systems can deliver 4Mb/s (diffuse) 
and lOMb/s (line of sight) into a room of some 10m on each side . The technology exists 
to improve on these rates and cell size, but commercial systems that exploit this have yet 
to appear. Today’s radio (or wireless) LAN systems can deliver 2 Mb/s to multiple users 
over distances of typically 50- 100m depending on the terrain, with the promise of 8 Mb/s 
in the near future , Standards are being produced for next-generation systems to deliver 
tens of megabits per second. 

Radio systems will almost always afford a greater reach and wider coverage than 
optical wireless systems because a higher transmitter power can be used and the receivers 
can take full advantage of sensitive heterodyning techniques. On the other hand, radio will 
always be a narrower-bandwidth medium than optical, although this is not apparent in 
today’s commercial systems because optical wireless manufacturers have yet to fully 
exploit the available bandwidth Optical wireless (tele-point in particular) can deliver high 
capacity to multiple users within a small cell, whereas radio can produce a much larger 
cell but will deliver lower capacity. It is therefore easy to envisage scenarios in which both 
types of system would benefit from being used in combination. For example, a large open 
plan office would deploy optical tele-point systems to establish several discrete high 
capacity cells, each spanning a small cluster of perhaps four to six desks; additionally, a 
single radio system would be deployed to cover the whole office. 

The advantages of optical signals over their RF counterparts include a larger 
potential bandwidth, the use of cheaper transceiver components that enable simple 
broadband modulation/direct detection techniques, no feding, signal security at the 
physical layer, and frequency reuse in other parts of the building. One of the drawbacks, 
however, is that the transmission power is restricted by eye and skin safety regulations. 
This implies the need for high sensitivity at the receiving end. Two major impairments 
that are associated with the optical wireless (OW ) environment are ambient noise and 



multi path dispersion. The difference between radio and infrared are summarized below in 
tabular form. 


Table 2.1 : Properties of infrared and radio channels. 


Property 

Infrared 

Radio 

Multi path fading 

No 

Yes 

Multi-path dispersion 

Yes 

Yes 

Source of bandwidth 

High photodiode 

Regulatory 

limitation 

capacitance, multi-path 



dispersion 


Source of dominant noise 

Ambient background light 

Interference from other users 

Security 

T> — — 

High 

Low 

Range 

Low 

High 

Pocket receiver 

No 

Yes 


On balance, the virtually unlimited, unregulated bandwidth of infrared dwarfs its 
disadvantages, making infrared a promising medium for short-range wireless links. In fact, 
the only option for cost-effective high-speed communication at rates near 
lOOMb/s. Of course, infrared networks will not replace radio networks; rather, they will 
coexist, with radio providing ubiquitous coverage at moderate data rates, and infrared 
providing short-range, high-speed mobile access where necessary. 




CHAPTER 3 


DESIGN OF A DIFFUSED INDOOR INFRARED LINK 

This chapter gives the system considerations and design of a diffused indoor link. 
System requirements, performance measures, system constraints and analytical models 
for predicting the power received a t a given point are detailed in this chapter. 

3.1 CHOICE OF SYSTEM ELEMENTS 

The essential components of a diffused IR link are the transmitter and the 
receiver. Selection of a suitable source and detector depends on several factors. Similarly 
one needs to choose an appropriate receiver front end considering the system 
requirements. 

3.1.1 Choice of Source 

The two major considerations as far as the source selection is concerned are the 
power requirements and personnel eye safety. Being an indoor system with diffused 
radiation laser sources cannot guarantee power levels that are eye safe. Also, laser 
sources being spatially coherent makes it difficult to obtain diffuse radiation without 
added optics. Under such conditions the best choice is the LED source which gives out 
incoherent beam which are eye safe. Unfortunately the output optical power levels are 
quite low for single LED sources. Hence an array of LEDs will have to be used to 
achieve diffused radiation within a room. In addition to the power output requirements 
another very important parameter is the required optical beam parameters of the source. 
Ideally sources for diffused applications must have omni-directional patterns making it 
possible to radiate power equally to all comers of the room. This is a real challenge. In 
our study transmitters were made using both single LED as well as an array of LEDs. 

The wavelength of operation of the LEDs is another design consideration. 
Because of the advances in fibre optic systems, LED and laser diode optical sources arc 
available at 850nm, 1300nm and 1550nm. Considering the cost as well as the available 
output powers AlGaAs or GaAs sources emitting light in the range of 820-900nra are the 
ideal sources. They have the added advantage that silicon detectors have maximum 



response at these wavelengths. Hence 850nm is the most preferred wavelength. In our 
design wavelenglh of 82()nm was used. 

3. 1 .2 Choice of Detector 

Another major element is the photodetector for the optical receiver. The choice of 
photodetectevr depends mainly on the two factors, viz. The response time and the 
sensitivity of the receiver system. The upper limit of the permissible response time is 
determined by the accuracy required and/or the modulation bandwidth of the receiver 
signal. The response time in the range 1-1 00ns are generally required. The silicon PIN 
photo diode is the recommended detector for most of the IR communication systems. 
Such a detector works best when reversed biased. The photocurrent produced by a PIN 
detector is directly proportional to the incident light power level (light intensity). At 
900nm the typical responsivity of a silicon detector is 0.6 Amps/Watt. The responsivity 
relationship of a detector is independent to the size of the detector. The PIN photo diode 
size should be chosen based on the required frequency response and the desired 
acceptance angle with the lens being used. Large PIN photodetector will have slower 
response times than smaller devices. For example, 1cm x 1cm diodes should not be used 
for modulation frequency beyond 200 kHz, while 25mm x 25mm diodes can work 
beyond 50MHz. If a long range is desired, the largest photo diode possible that will 
handle the modulation frequency should be used. 

Two types of detectors have been generally used, PIN photodiodes and Avalanche 
photodiodes. Both these detectors find extensive use in fibre optic and IR systems. The real 
job of the light detector is to convert light power in to electrical power , independent of the 
energy of the transmitted light pulses. This relationship also implies that the conversion 
must be independent of the duration of the light pulses used. This is an important concept 
and is taken advantage of in many of the systems. This device is most sensitive to the near 
infrared wavelengths at about 900nm. Most IR light emitting diodes (IR LEDs) do indeed 
emit light at or near the 900nm peak, making them ideal optical transmitters of information. 

The PIN photo detector behaves very much like a small solar cell or solar battery, 
which converts light energy into electrical energy. Like solar cells, the PIN photo diode 
will produce a voltage (about 0.5v) in response to light and will also generate a current 
proportional to the intensity of the light striking it. However, this unbiased current sourcing 


mode, or “ photo voltaic” mode, is seldom used in through-thc-air communication since it 
is less cITicicnt and is slow in responding to short light flashes. I he most common 
configuration is the “reversed biased” or “photo conductive” scheme. 

It is important to note that the intensity of a light source is defined in terms of power, 
and not energy. When detecting infrared light at its 900nm peak response point, a typical 
PIN diode will leak about one milliamp of current for every 2mw of light striking it (50% 
cnicicncy). 

Ail PIN diodes have dark current ratings. This rating corresponds to the residual 
leakage current through the device, in the reversed biased mode, in the absence of any light 
falling on it. This leakage current is usually small and is typically measured in nano amps, 
even for large area devices. As one expects, large area devices will have larger dark 
currents than small devices. Dark currents introduce extra noi.se into the receivers. In most 
of the applications the signal current to dark current ration is very large thus making the 
effect of dark current negligible. 

The choice between the APD and PIN photo diodes will often be made on the basis of 
the cost versus the value of the higher sensitivity normally available from the APD photo 
detector. Some of the important factors to be considered in the choice between APD and 
PIN photodiodes are listed below. 

• Signal to noise ratio is poor for APD than that of the equivalent PIN photo 
detector. 

• APD photo detectors will have higher sensitivity than a PIN photo detector. Some 
types of APD have higher dark currents than the corresponding PIN device; In 
digital receivers this higher noise in the “no optical signal present “ condition will 
increase the probability of error. The APD requires a substantially higher bias 
voltage. 

• It is the appropriate choice when the advantages it offers are needed, but the PIN is 
usually preferable if its characteristics are adequate for the system under 
consideration. 

• PIN photo detectors are 20 times less expensive than APDs. 

• The additional noise produced by the ambient light focused on to the device 
cancels much of the gain advantage the APD might have had over a PIN. 



• Still, as the technology improves, low cost APDs with large active areas may 
become available. 

3.1.3 Choice of Receiver Front-end 

The receiver in an I R link is very similar to that in a fibre optic system. 
There are basically three types of receiver front-end (preamplifier) configuarations 
available to the designer, viz. low impedance, high impedance and transimpedance front 
ends. Fach one has its own merits and demerits. These front-ends need to be compared 
from the point of view of their sensitivity, bandwidth and dynamic range. Sensitivity is 
defined as the minimum optical power required at the receiver for a specified performance 
and data rate. Dynamic range specifies the range of power over which the receiver is able 
to function as per specifications. It is generally expressed in decibels as the ratio of the 
maximum optical power to the minimum power incident on the receiver giving the 
specified performance. 

Law-impedance Frant-cnd: 

This type of a front-end is the simplest one where a very low resistance, of the order 
of 50 or 100 ohms, is used as the photodctector load resistance. The voltage developed 
across the low resistance is indeed the preamplifier output. This scheme has the advantage 
that the RC time constant is very small and hence this simple scheme can work up to very 
high frequencies. Its dynamic range is also large. However, the low load resistance results 
in very large thermal noise and hence its sensitivity is very poor. This configuration is 
useful only when the optical signal levels are very large. 

High-impedance Front-end 

Ihis type of receiver also ii.scs an open loop approach and has a very simple 
configuration where the detector load resistance is made very large. Due to the large load 
impedance the bandwidth of this receiver is very low. Hence the preamplifier stage must be 
followed by an equalization stage to compensate the low-pass behaviour of the front-end. 
This type of front-end has the advantage that the thermal noise generated by the load is 
very low. However, its dynamic range is very low because of the overloading due to large 
impedance. Due to its poor dynamic range and bandwidth, this type of a receiver firont-end 
is used only when noise performance is the main criterion. 



rransimpcdancc Front-end 

rransinipcdancc Iront-cnd is a good compromise between the low and high 
impedance ones. This type of a front-end utilizes a feedback amplifier with a feedback 
resistor large enough to reduce noise and at the same time lower than that used in high 
impedance design to improve bandwidth. 

3.2 LIMITATIONS OF THE SYSTEM ELEMENTS 

The performance of a diffused IR link is affected by some of the inherent 
limitations of various system elements. These arise out of the limitations of the LED as a 
source, poor receiver sensitivity and also the presence of ambient light. 

'fhe use of LED sources for eye safety puts serious limitations on the output optical 
powers. Power output of single LED sources is too small to illuminate a given area. This 
problem can be solved to some extent by the use of an array of LEDs. 

In order to have large coverage range the receiver used in the IR link should have 
very good sensitivity. Due to cost and other factors PIN photodetcctor is the common 



not be suldcicnt for indoor IR systems and hence one has to lx: satisfied with typical values 
of receiver sensitivity. Under such conditions range can only be improved by increasing 
LPT) output power and by reducing all other sources of noise. 

Another serious problem in indoor IR systems is the presence of ambient light. This 
will lead to extra noise due to unwanted light. I'his problem can be solved to a large extent 
by using a narrow band filter in front of the receiver. In our study the ambient lighting was 
kept to a minimum due to the non-availability of suitable light filters. 

3.3 MEASURES OF SYSTEM PERFORMANCE 

fhe major measures of the performance of an IR link arc its data rate, maximum 
coverage range and error rate. IR links arc capable of transmitting and receiving data in 
excess of a few Mbits/scc. However, diffused links suffer from dispersion due to multipath 
propagation. In our study our aim was to design an IR link capable of transmitting about 1 
M bts/sec. However, our receivers worked well only up to about 300 kbits/sec. 



Another major parameter of an IR link is its coverage range. Since LEDs are used 
as the optical sources it is very difficult to achieve long ranges due to their limited power 
outputs. However, by using multiple sources in the form of an array of LEDs the output 
powers can be increased to a large extent. In addition to the output power another 
important source parameter from the point of view of range is the optical beam profile of 
the sources. In diffused links the sources should emit light in all directions. This is not 
possible by individual semiconductor optical sources as they have finite intensity beam 
profiles, typically of the form, 1(0) = L cos"e. Beams such as the above have maximum 
intensity along the axis and the intensities decrease drastically with 0. Thus in order to 
make the optical beams made up of such sources close to an omni-directional one, it is 
necessary to use multiple LEDs arranged in some fashion. Some such LED array 
arrangements have been studied by us and their effect on the beam profile also has been 
studied. 

The error rate performance of an IR link Iw mHflwurud uMlng a standard Bit Error 
rate measurement system. As such a system was not available to us the received data and 
displayed along side the transmitted one on a CRO and then compared. 

3.4 THEORETICAL MODELS FOR PREDICTION OF OPTICAL POWER AT A 
POINT 

In the design of an IR link it is important to be able to predict the optical power as a 
function of the distance from the source. However, this is a very difficult task and to the 
best of our knowledge the literature is silent on this issue. We have applied some of the 
models used in related areas (power coupling from optical sources to fibres and detectors) 
and modified them for predicting power levels in the longitudinal direction (with the source 
and detector axes aligned). These models are presented below with theoretical results. 
These results are later compared with experimental data in Chapter 4. 

3.4.1 Power Transfer Model from a' Radiating Surface with Angular Distribution 

(Model-1) 

The power transfer from a radiating surfece to a receiving surface can be obtained 
if the goniometric characteristics of the two surfaces are known. Fig.3.1 gives an arbitrary 



orientation of radiating and receiving surfaces where As is the radiating surface area and 
Ak the receiving surface area. Let the separation distance between these surfaces be the 
distance vector rsa, as shown in Fig.3.1 . The power transfer from an element of area dAs 
to an element of area Cos 0r dAa normal to rsa is given by 

dPsa== Bn(Xs,0s)dAs.dQR (3.1) 

where Bn ( Xs, 0s ) is the brightness of the source in units of watts per square centimeter 
steradian. For sources with non-uniform radiation distributions, Bn is a function of Xs 
which is the position vector on the surface As. 



Fig.3.1 Arbitrary orientation of emitting and receiving surfaces. 

The quantity dQa is the solid angle subtended by ( Cos 0r dAa) at the source point dAs, 
that is , 

dQa = Cos 0RdAa/ rsa^ = projected area / square of distance (3.2) 

The total power transfer between As and Aa is , therefore, 

PsR “I J Bn ( Xs,0s ) cos 0r tsr*^ dAs • <iQR (3.3) 

As Ar 

In general, this integral is complicated with the angle 0s and 0r and the separation 
vector rsa being dependent on the position coordinates on the surfaces As and Ar. In 
the interest of obtaining an estimate of power coupled, approximations can be made 
which considerably simplify the integration. 

From the two arbitrarily oriented differential surface areas shown in Fig.3.2 we 
see that the area dAa cos 0r, which is normal to the vector rsa is the sphere centered at 



dAs, i.e dAs cos 0r= tsr^ sinGs d0s d({». The angle <|) is an angle varying from 0 to 27c in 
the source plane. The total power transferred between As and Ar is, therefore 

PsR “I i 1 Bn ( Xs,0s ) sin 0$ d0s d(t). dAs (3-4) 

As 0s <t> 



Assuming that the source has uniform radiation distribution across its area and that the 
source has a uniform radiation distribution across its area compared with the separation 


vector rsR, the total power transfer becomes 

PsR = 271 As 1 B(e) sin0 d0 (3.5) 

The external radiant intensity from a planar geometry surface-emitting LED is the same 
as a planar radiating surface with brightness value 

B(0) = BoCos"9 (3.6) 

Substituting, 

PsR =271 As 1 Bo cos" 0 sin0d0 (3.7) 

= 27cAsBo[ (l-cos"^'0s )/(n+l) ] (3.8) 


The total optical power emitted from the sourep into the full hemisphere is given by 

1/2 

Ps = 271 As ol Bo cos" 0 sin0 d0 (3.9) 


= 2tc AsBo/ (n+1). 



The power received by the receiver is given by 

Omax 

Pr = 2-k Aso J BoCos" 0 sin6 d9 

= 27c As Bo [ ( 1- cos"^'0„«,x)/ (n+1) ] (3.10) 

Power coupling efficiency, from source to the receiver is then given by 

ri=PR/Ps = Ar/ As [ 1- cos "'*'*0nmx J (3.11) 

If Ar» Asthenr|=l. (3.12) 

Except when the receiver is situated very close to the source, Ar« As and hence eqn. 
(3.11) holds. 

The source pattern in the above power transfer model was considered to be of the 
form given in eqn.(3.6). In our study we observed the LED far field patterns to have 
shapes very similar to that of eqn.(3.6). This equation is plotted for some values of n and 
is given in Fig.3.3. A special case of the above source pattern is when n=l , in which case 
B(0) = Bo cos 0. Such sources are called Lambertian sources. Point sources are expected 
to have Lambertian beam profiles. 

Variation of optical power as predicted by the above model is plotted ia Fig.3.4 
for some values of n. These results will be compared with the measured results in 
Chapter 4. 

3.4.2 LED Source to Receiver Power Transfer Assuming Uniform Power 
Distribution (ModeI-2) 

This is a simple model based on geometry of the source and the receiver where the 
LED source is assumed to be emitting light in a cone and reaching the receiver having a 
finite area. The mismatch between the projected source and receiver areas give a measure 
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of the power transfer from source to the receiver. The power distribution within the 
source cone is assumed to be uniform. Fig.3.5 illustrates the source and receiver 
geometries for this model. 

With reference to Fig.3.5, the radius of the circular spot is given by, 



Fig.3.5 Uniform power distribution. 


tan9=.rbeam/d, or rbeam = citan0 (3.13) 

where rbcam is the radius of the beam, 0 is the angle subtended by the detector at the 
source and d is the distance of the receiving .surface from the source LTD. 

Power coupling efficiency (tj) at various longitudinal offsets can be calculated assuming 
the lateral offsets to be zero. There are two distinct cases, depending on the radius of the 
beam (rbcam) and the radius of the detector ( rdet). 

Case 1 . rbeam t*det 

^ = 1.0 (3.14) 

In this region since all the power falls with in the detector area and hence ti = 1 .0. 


Case 2 ; rbeam ^ Tdet 

For this case tj is the ratio of the area of the detector to that of the beam. 
i.e. ry= Area of detector / Area of beam 

— (ti r det) / (^ beam ) 


25 



(3.15) 


(rjet / Tbcam ) 


Substituting fbeam = d tan0 we get 

Tl = r^det / tan^0 (3.1 6a) 

= k/d^ 

where k= r^det / tan^G (3. 1 6b) 

This the coupling efficiency as per this model is inversely proportional to the square of 
the longitudinal offset. 

In this model one very important parameter is angle 0 of the emitting cone. For 
different values of 0, the coupling efficiencies will be different. The above model 
assumes uniform power within the circular cone formed by the emitting beam which is 
not actually true. However, an effective cone angle may be used in the expression of 
eqn.(3.16) to arrive at the coupling efficiency. Normalised variation of optical power 
along the axis as a function of separation distance d for various values of 0 is plotted in 
Fig.3.6. 

3.4.3 LED Source to Receiver Power Transfer Assuming LED beam to 
be Gaussian (Model-3) 

Because of the simplicity in describing mode field distributions as Gaussian, the 
same is very commonly used to describe beam profiles, especially for describing Laser, 
beams. Even though it is incorrect to use Gaussian beam approximation incoherent LED 
beams, it was observed from our study that the far-field pattern of LEDs had a nearly 
Gaussian intensity variation with 0. This compelled us to try some of the standard results 
ayailable for Gauusian beams for the present study in predicting the variation of optical 
power with axial separation distance between the source and the receiver. In this section, 
we briefly discuss the fundamental Gaussian beam features followed by a Gaussian fit for 
LED source far field patterns. 
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Coupling efficiency 
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3.4.3. 1 Properties of fundamental Gaussian Beam 

The field equation for the fundamental Gaussian beam can be written as 
U(r,z) =(Wo/w)exp(-j(kz-^)-r^((l/w^) + ik/2R))) (3.17) 

where R(z) and w(z) are the radius of curvature and spot-size of the beam respectively 

and are given by 

R(z) =z{l+ (kwo / (2z))^ } (3.18) 

w^Cz) = Wo{ 1 + (2z / (kWoV } (3.19) 

In the above expressions, Wo is called the waist spot-size. R(z) is the radius of curvature 
of the wave front that intersects the axis at z, and w(z) is a measure of the decrease of the 
field amplitude with distance from the axis, ‘w’ is the distance at which the field 
amplitude is 1/e times that on the axis , and is called beam radius or spot size of the 
beam. 


A single Gaussian fit for the far-field intensity pattern, perpendicular to the 
emitting plane was suggested by Boetz, which takes the form. 

1(0) = exp(-0.69 0^ / 0,/2^) (3.20) 

where 0i/2 is the half width of the far-field pattern when 1(0) = 0.5. In our studies the far 
field patterns of different LEDs were measured experimentally and a Gaussian fit was 
obtained in each case using the corresponding half angle Qm- Gasussian intensity 
distributions for a few half angle are plotted in Fig.3.7. 

Assuming the source output to be Gaussian, one can estimate the power coupled 
from the source to the receiver located at an axial distance. 

3.4.3.2 Power Received for Finite Longitudinal Offsets 

Assuming the offset between the source and receiver to be only longitudinal 
(axial) the power received at the detector can be calculated knowing that it is proportional 
to the overlap area between the beam and detector. Neglecting phase shifts the Gaussian 
beam expression of eqn.(3.17) reduces to 



I(r,z) - (wo /w(z))exp(-i:^ / w(z)^) 


(3.21) 


Because of the symmetry of the problem eqn.( 1 7) can be written in one dimension for the 
sake of simplicity as 

I (x,z) = (Wo / w(z))exp( - x^ / w(z)^) (3 .22) 

The power coupled to the detector can be simply calculated by the overlap of the 
Gaussian beam on the detector’s area. 

Power coupled to the detector, Pd is given by 

rdct rdct 

Pd = 2 0 Ji(x,y) dx = 2 ol^Wo / w(z))cxp(-x^ / w(z)^) dx (3.23) 

Total power emitted by the LED is given by, Ps 


Ps - 2 0 ,txp( -x^ / Wo^^dx = (n) ‘^Wo^ (3 .24) 

From the above the coupling efficiency from source to detector is obtained as 

n=PD/Ps ..(3.25) 

Hence the power at the receiver can be obtained as Pd = il Ps . 

The expression for Pd is complicate d and hence cannot be obtained analytically. 
Numerical integration needs to be done to obtain r). In our present work the Gaussian 
model was not explored further. 
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CHAPTER 4 


SYSTEM IMPLEMENTATION AND PERFORMANCE 

This chapter gives the implementation details of the diffused IR 
link tried out by us. As discussed earlier in order to achieve large range the optical power 
output of the source should be as high as the eye safety limits would permit. For indoor 
systems the only permissible sources are LEDs. We used single LEDs as well as multiple 
LEDs in our implementation. 

4.1 LED SOURCES 

The LED sources used in our system were commercial IR LEDs, used for remote 
control applications in TVs emitting light at about 820nm. Though driver circuits based on 
single LEDs are easy to implement, their limited power outputs will affect the range of 
data transmission considerably. We used transmitter circuits making use of both single 
LEDs as well as circuits with three LEDs. 

4.1.1 Measurement of Source Characteristics 

The two major source characteristics that are important in wireless IR 
communications tire current-intensity (optical power) and the far-field characteristics. The 
former would give an idea about the drive current currents for a given power and is hence 
critical in the driver circuit design. The far-field characteristics however give an idea about 
the optical beam profile which determines the directivity of the source. 

Measurement of Current - Intensity Characteristics 

A simple setup was used to measure the current-intensity characteristics of the 
source. The setup is shown in Fig.4.1 aind the measured characteristics in Fig.4.2. It is seen 
that the measured relationship between LED current and its optical power is almost linear. 
It was not possible to measure the LED output at currents higher than 20mA as the LED 
optical power was well excess of several milliwatts, which was beyond the capability of 
the power meter and the large area detector available in the laboratory. 



Intensity 


100 ^ 



Fig 4.1. Current - Intensity Characteristics Set up 



Fig 4.2 Current-Intensity Characteristics results 
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Measurement of Far field Pattern 

The block diagram of the setup used for the measurement of the far-field pattern is 
shown in Fig.4.3. Different types of LEDs were used in the experiment, viz. round type, cut 
type and an array of LEDs. Even though the current-intensity characteristics of the LEDs 
u.scd in this study are similar their far-field patterns may be different. This is especially the 
case with LED arrays. 



Fig 4.3. Far field measurement set up 

In the set up of Fig.4.3, the LED source is fixed at the centre point on the protractor 
iiiul ii is lolak'd in either clockwise or anti clockwise iliiection. A pointei is fixed near the 
protractor to read the angles at various positions. The detector is kept at a distance of about 
5cm from the source and then aligned for maximum power. I'he detector will receive 
maximum power when the axes of both detector and source are aligned. The source is 
rotated thereby misaligning the axes £ind the power levels at the detector for various angles 
are noted. 
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The measured results for single LEDs and LED arrays are plotted in Fig.4,4 - 
I‘ig.4.7. Gaussian fits and also the fits assuming the intensity pattern to be of the form 1(0) 
= lo cos" 0 are also given for the best value of n in each case. The gaussian fits were 
obtained using expression I(0)= exp(-0.69 0^/0^iq), where 0 is the far-field angle in degrees 
and 01/2 the half angle. Half-angle is defined as the angle at which the intensity of the far- 
field pattern decreases to half of the maximum. A commonly used measure of the half- 

tmate in l^WHM (filll wltlth w half waMimnwh whlah pup iha doliHititm iwioa tha. 

The difference in the far-field patterns are very evident from the above figures. 
Fig.4.4 is that of a normal LED whereas Fig.4.5 is that of a similar LED whose front 
curved portion has been removed by lapping. The half-angle of the normal LED (round) 
was found to be about 20 degrees. It may be observed that the half-angle of this cut-type 
LED is almost 1 1 degrees more than the one with a curved front surface. 

Fig.4.6 and Fig.4.7 gives the far-field patterns of LED arrays. In the. first case three 
normal LEDs (with cuved surfaces) were fixed at the vertices of an equilateral triangle with 
a distance of ..1 cm. In the latter case five LEDs (with curved surfaces) were fixed on a 
hemispherical surface of radius ..1 cm as shown in Fig.4.8. It is interesting to note the 
change in the half-angle of these array LEDs in comparison to single LEDs. I'he half-angle 
increased to 34 degrees for the three-LED array, whereas it increased to 48 degrees for the 
five-LED array. Thus the latter array is found to approach a Lambertian pattern. 
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Fig 4.8 .Arrangement of LEDs in the array LED sources. 
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4.2 FSEUJL»U KAJNDOM BIT SEQUENCE (PRBS)GENERATOR 

The diffused IR link was tested using a PRBS data generated using a 4-bit shift 
register. 74F194 Universal shift register was used for this purpose. This shift register is 
fully synchronous with all operations taking place in less than 20ns(typical). The IC 
74F194 has special logic features which increase the range of application. The operation of 
the device is determined by two mode select inputs, Soand Si. The functions available with 
these mode select inputs are right-shift, left-shift, parallel load and hold. The circuit 
diagram of the PRBS generator is shown in Fig.4.9. In our circuit the shift register was 
configured in the right-shift mode. It is important to prevent the all zero state in a PRBS 
generator as such a state would lock itself thereby preventing the generator from generating 
the PRBS data. In our circuit an auto start circuit consisting of three OR gates from a 
74S32 IC and a NOT gate from a 74F04 IC. Under normal conditions (for non zero states) 
the output of the NOT gate would be a logical ‘0’ which is connected to the Si mode input 
which will give a right sift operation with So = ‘ 1’. When all zero satae is detected the NOT 
gate output will become ‘1’ thereby forcing the shift register to be m the parallel load 
mode. A non-zero state ‘1100’ is applied to the data inputs (D3-D0) which will be then 
loaded and the shift register will thus be able to work normally after that. The output of the 
PRBS generator was used as data in all our experiments and applied to the input of the 
transmitter circuit. 
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4.3 TRANSMITTER CIRCUIT (Driver Circuit ) 

The LED driver circuit is shown in Fig.4.10. The input signal to the circuit was 
taken from the PRBS generator output at a frequency. The major component of the 
transmitter is the 74LS140 50 ohm line driver IC. A standard TTL gate can only source 
400pA and sink 16niA. These values are very low for LED driver applications. In contrast 
each gate of the 74S140 driver can source 40mA and sink 68mA, which are quite large for 
most of the applications. In our case two gates of the 74S140 were connected in parallel to 
get current well in excess of 80mA. The driver IC was used in the sink mode thus turning 
the LED ON when the gate output is at ‘O’. Since the IC uses HAND logical function the 
LEDs turned ON when the input to the gate was at logical ‘1’. In the sink mode the drop 
across the LED and resistance worked out to be Vcc - Vql i e. 5-0.2 = 4.8V. The forward 
drop of the LED was about 1 .75 V. Hence it was possible to cascade up to 2 LEDs using the 
same transmitter as shown in Fig. 1 0(b). This reduced the circuit complexity for transmitters 
using LED arrays. 
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Fig 4.10b. LED Driver circuit with cascade of 2 LEDs. 

4.4 RECEIVER CIRCUIT 

The receiver circuit used in the setup is shown in Fig.4.11. Various stages of tl 
receiver are detector, trans-impedance amplifier, peak detector circuit , summer, ar 
comparator. Each stage of the receiver is discussed in the sections below. 



4.4.1 Detector and the Pre-amplifier Circuit 

The detector used in our receiver circuit was RCA C-30808. A reverse bias voltage c 
12V was applied and the detector was connected to a transimpedance type preamplifi* 




circuit realized using TL-081 operational amplifier (opamp). The feedback resistor used 
was 300K which was a good tradeoff between bandwidth of the preamplifier and the signal 
output. The important parameters of the C-30808 detector are given below. 

Dark current = 20nA 

Radius of active area = 1 .26mm 

Maximum bias voltage == 1 5V 

Responsivity at 820 nm * 0.6 A/W 
Capacitance (typical) = 5 pF 

The detector had smaller active area radius and was well suited for applications up to data 
rates of several Mbits/sec. 

To improve the accuracy of the measurements, ambient light was kept to a bare 
minimum. Under no signal conditions it was found that the preamplifier output voltage was 
between 2 to 3mv. This is well within the specified dark current limit (20nA) of the 
detector. In the presence of IR signals the preamplifier output was close to IV which was 
sufficient for the subsequent sections of the receiver. 

4.4.2 Peak Detector Circuits 

In contrast to point-to-point links one of the greatest challenges in the design of a 
receiver circuit for diffused links is the requirement of large dynamic range. The receiver 
circuit should correctly recover when the transmitter is very close to the receiver as well as 
when it is located far from the transmitter. Under such conditions simple threshold 
comparator ’will give rise to errors. To solve this problem peak detector circuits were 
designed and implemented to detect both high and low peaks of the received signal. These 
peak detectors were implemented using TL-081 opamps. 

The positive (high) peak detector as shown in Fig.4.1 1, measures the positive peak 
values of the received signal. During the positive half-cycle of Vm , the output of the 
operational amplifier drives Dj on, charging capacitor C to the positive peak value Vp of 
the input voltage Vi„. Thus, when D| is forward biased, the op-amp operates as a voltage 
follower. On the other hand, during the negative half-cycle of Vi„ diode Di is reverse 
biased, and voltage across C is retained. The only discharge path for C is through Rl since 



the input bias current Ib is negligible. For proper operation of the circuit, charging tim 
constant (CR<i) and discharging time constant (CRl) must satisfy the following conditions: 
CRd T/10 (4.1) 

where Rd == resistance of the forward biased diode, 100 ohms, typically. 

T« time period of the input waveform and 

fcJHi. ii lat t4Ji 

where Rl is very small so that equation(4.2) cannot be satisfied, use a buffer ( voltag< 
follower ) between capacitor C and load resistor Rl. although TL081 type op-amp is usee 
in the circuit of figure(l), a high- speed , precision- type op-amp such as the uA771, oi 
uA714 may be desirable in critical applications. The resister R is used to protect the op- 
amp against the excessive discharge currents, especially when the power supply is switched 
off. the resister Rom = R minimizes the offset problems caused by input currents. In 
addition, diode D 2 conducts during the negative half cycle of Vjn and hence prevents the 
op-amp from going in to negative saturation. This in turn helps to reduce the recovery time 
of the op-amp. Similarly, the negative peaks of the input signal v.n can be detected simply 
by reversing diodes D| and D 2 as shown in Fig.4.1 1 . 

4.4.3 Summer using Op-amp: 

The TL081 op-amp was used for summing the outputs of the positive and negative 
peak detectors. The out put of summer is given by, 

Vo = -R(Vp/R - Vn/R) = - (Vp - Vn) (4.3) 

The summed output at pin 6 of the op-amp is applied to a potential divider, made up of two 
resisters of same value in series, to obtain half the summed output as the reference voltage 
for the comparator NE529. 

4.4.4 Comparator Circuit using NE529 

NE 529 is a high speed analog voltage comparator which uses schottky diode technology 
with the conventional linear process. This allows simultaneous fabrication of high speed 
TTL gates with a precision linear amplifier on a single monolithic chip. It has a 
propagation delay time of lOns and provides complenienttw^ Otit^ttt tAWt. Tft# f€ ttiS 
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wide common mode and differential voltage ranges. The preamplifier output was applied to 
one of the comparator inputs with the other input set at half the signal amplitude. 

4.5 RECEIVER CHARACTERISATION 

The performance of the above receiver was evaluated. The major receiver parameters are 
sensitivity, maximum data rate capability and dynamic range. Measured results for these 
are given below. 


4.5.1 Receiver Sensitivity : 

Receiver sensitivity is defined as the minimum received signal power required to obtain a 
certain Bit error rate or SNR (signal-to-noise ratio) performance. The sensitivity of the 
above receiver was found to be -35 dBm (300nW approx.) at a data rate of 200 kbits/sec. 

4.5.2 Dynamic Range 

The dynamic range gives the allowed variation in the input optical power. This is an 
important parameter for diffused links. The dynamic range of our receiver was found to be 
30 dB at 200Kbits/sec. The large dynamic range is because of the adaptive threshold 
scheme used in our receiver. 

4.5.3 Maximum Data Rate 

The maximum data rate capability of the circuit was about 800 Kbits/sec. However 
the sensitivity and dynamic range were quite inferior at this data rate. Hence in all our 
experimental work data rate was fixed at 200kbits/sec. 

4.6 SYSTEM MEASUREMENTS AND PERFORMANCE 

The data transmission capability of the IR link was tested using different sources and the 
transimpedance receiver. The major measurements were 

(i) Variation of optical power as a function of the axial distance (longitudinal 
separartion) from the source 

(ii) Variation of optical power as a function of the lateral distance for a particular 
axial distance. 
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4.6.1 Longitudinal Separation Measurement 

This measurement was carried out by fixing the source at a place and moving the 
power meter along the axis of the source in a straight line. The power received was found 
to decrease rather faster as the axial distance was increased. The measured results for the 
four types of sources, viz. round LED, cut LED, 3 -LED array and 5-LED array are shown 
in Fig.4.12 - Fig.4.15. From the results it is seen that the power variation along the axis is 
slower for the array LEDs as compared to the single sources. The variation is the slowest 
for the case with 5 LEDs. 

4.6.2 Lateral Separation Measurement 

Optical power measurements were also carried out for the LED sources for various lateral 
separation distances keeping a certain longitudinal distance between the source and the 
detector. These results are given in Fig.4.16 - Fig.4.19 for round LED, cut LED, 3 -LED 
array and 5-LED array, respectively. The longitudinal distance in each case is ^also 
indicated. 

4.7 COMPARISION OF THEORETICAL AND MEASURED 
RESULTS: 

The experimental and theoretical results were compared for the longitudinal 
separation cases using the theoretical results of Models 1 and 2. 

Fig.4.20 - Fig.4.23 compares the measured and theoretical results assuming the 
source to have intensity patterns of the form 1(0) = L cos" 0, for longitudinal separation 
cases. In each case the best value of n that matches the corresponding far-field pattern is 
used. The agreement is not good except for the single round LED case. 

Fig.4.24 - Fig.4.27 gives similar results for the theoretical ModeI-2 assuming 
uniform power distribution. In each case the measured results are compared with 
theoretical graphs for 0 values of 24", 60", 84". The single cut type LED results appear to 
be agreeing reasonably well. Other measured results does not agree well with theory. 
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Fig4.13 Longitudinal offset of cut type of IR LED 
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Fig 4.15. Longitudinal offset of array(5no.) of IR LED 
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long-distance at 5cm 
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Fig 4.17. Lateral separation of cut type of IR LED 
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Fig 4.21 . Comparision of expt. values with Theoretical angular of Cut type IR LED 
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Normalised Recived power — > Normalised Recived power — : 



Fig 4.22. Comparision of expt. values with theoretical angular of array(3nos) IR LED 
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Fig 4.23. Comparision of expt. values with theoretical angular of array(5nos) IR LED 
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Fig 4.25. Longitudinal offset of Cut type of iR LED 
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Fig 4.26. Longitudinal offset of array(3no.) of IR LED 
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Fig 4.27. Longitudinal offset of array(5no.) of IR LED 




RESULTS, CONCLUSIONS AND SUGGESTIONS FOR 

FUTURE WORK 

RESULTS AND CONCLUSIONS 

rhe present work, was aimed at studying diffused indoor optical wireless 
systems. A detailed review of indoor optical wireless systems was given in Chapter 2. 

Design of an indoor IR was taken up using LED sources and PIN 
photodetector. As part of the theoretical study some models used in the power 
coupling area were attempted for predicting optical powers along the longitudinal 
direction. 

Far-field patterns of four types of LED sources were measured and best fits 
were attempted using Gaussian and 1(0) = lo cos" 0 models, fhe fits were found to be 
good. 


Parameters of the IR Hink sueh as sensitivity, dynamic range and maximum 
data rate and range were also measured. The sensitivity of the op-amp based receiver 
was found to be about -35 dbm at a data rate of 200 kbits/sec. The dynamic range was 
found to be 30dB. The maximum range for single LED sources was about 8cm at 
100mA of LED current, while that of the 3-LED array and 5-LED array were 15cm 
and 20cm, respectively. 

Variation of optical power along the axes of the four types of LED sources 
were measured and compared with two models, viz. the 1(0) = L cos" 0 model and the 
uniform power distribution model. The agreement between theory and experiment 
was in general not good. 
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I’owcr measurements were also carried out for various lateral separation eases 

for H (jiven longitudinal separation, Tlwsc results were alst> plotted for alt the four 
HtiUlWW. 

In conclusion diflused Optical wireless systems were found to be well suited 
for indoor applications. In order to improve range high power LED array sources must 
be chosen and must be arranged in such a fashion so as to make them radiate in all 
directions. Our study showed that a proper hemispherical layout with several LEDs 
will improve the range considerably. 

In our work we did not use optical filters to prevent ambient light. The use of 
optical filters will greatly improve the sensitivity of the optical receiver. 


SUGGESTIONS FOR FUTURE WORK 

The major strength of the present work is that a lot of experimental work was 
done to understand the system constraints and bottlenecks of indoor IR links. The 
present work lacks good theoretical models in analysing and predicting optical powers 
away from the source. Some work should be done in this direction. 
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